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Figure I-1.

PCM Unit, Assembly Drawing
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VALUES ARE IN OHM'S 285 %, I/8W
CAFACITANCE VALUES ARE IN MICROFARADS
2/0%, 35V. DIODES ARE INZa0O0

S PARTIAL RKEF DESIGNATIONS ARE SHOWN;

FOR COMPLETE PESIGNATION FREF/X WITH
UNIT NO. OR SUBASSY OES/IGNATION ().
NUMBERS IN CIRCLES INDICATES ASS Y PN
NUMBERS .

Ré SA7 RANGE 3.3 MEG, S.6MEG, IOMEG OR
OPEN

R8 SAT RANGE O, 133K, 3.32K, 511K, 6.98K,
887K, 1K, I3K, 149K

TSTR @I 7L BE MXNTED 7O HEAT
S/INK TodoDss/

TVV.

14 CRIO

-GV MONITOR. POINT TO CONMNECTOWR.

52
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» * @ +3V
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’3 cCR8
R/1 3 »—e—t 3e) »év
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~
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/
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N cers
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Figure 1-17. Power Supply, Schematic
Diagram
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REF_DESIGNATION [PART NO.

CRI—CR58 106933

Q-Q022,025-Q32 [106943
23 8 Q24 1024618

Cl 8 Ca 100851

c2, C5.C10.c1  [104202

Rl .R2,R4 RG, R7—RI3

RI7-R23

25, R27-R521104 115
R54 , R56 - HBY

R3,R5,RI4,R(5, RI6 &
ROCRA0. Hos RS [l06780

C8-Cl7C6,C3

104 238

500 CPS

NOTES:

t. PARTIAL REI
FOR COMPLE
UNIT NO. OR

2. NUMBER IN

© 3. UNLESS 0T
RESISTANC!
CAPACITAN!
DIODES A
TRANSISTC

inv FROMU
OUTPUT
REGISTER

Ri2

22
rev @ +Lca

- T 33uF

500 CPS
*I FROM RI8
ouUTPUT 18K
REGISTER
R53
16,9 K
1%
cio
2700
S %
1CPS oy
RESET
INPUT
psc &2

Varkdd

L AAA———|
R78 C|2(F1 ci3
560K 390 | 390

R79
560K

560K 390




DESIGNATIONS ARE SHOWN,

€ DESIGNATIONS PREFIX WITH
SUBASSY DESIGNATION

JRCLE INDICATES ASSY PIN NO .
ERWISE SPECIFIED :

VALUES IN OHMS, * 5%, 1/8 WATT .

L,
i

3

RI
E VALUES IN PICOFARADS *10%, 200 V . 56
IN9IS . -6 v ©- VW T
tS ARE 2N2222 3 ‘!
R6

S T AT TEST CoMFONEUT RANGE OF VALUFS
@20 K RSE; 806XR OR 1. B K £\ %o,

SELENT AT TEST CoMFONELT RAMGE OF VALUES

RBARCBT RBLERAT,; 120K TO 1.5 MEGO IS %, W 10% STEPS,

100K

I 3.3UF

R2
27K
Qa4
j
‘ CR3 CR4 0
I » 1545 STROBE TO SHIFT
LCR5 REGISTER AND CODER
DT - Re miy  STORAGE
. J'l:m 68K 220K 27K
Je
14CR!
L CRi2
cri3] R22
i
R ] 100K
d
CRIS
CRI7 260 4S DUTY CYCLE PULSES
' R27 Crig] R28 TO MULTIPLEXER CLAMP
, 22K ] 100k CiRCU\T
¢ N4
n3
(CR22
P 20045 DUTY CYCLE PULSES
TO MULTIPLEXER CLAMP
L | SRl R34 cRCUIT
Cres, 100K
¢ AA%s
',:CR27
(CR29)
! R42
Fﬂmsz 100K
¢ ~AN—4 R47 RA8
39K 68K
CR33 Ras
CR34,
68K g
) R35) CR26 F,c R37
L CR38 _CR39
| CR40 azo v % RS0
e RSI
ad R4 68K 10K
0% e SR4L 3523«2 24
1CR42 CR43 % 2N 2412
— 1 T CRa4 CR45 CALIBRATE
¢ » COMMAND TO CODER
2
) CR49 3
R61 RE3 <
100K 100K %
i
|
CRS0
R65
82K ENCODE

e

3 £ 3
Ferss CRS6
y )
ci5 GE] RE2 g |ciy RE3
390 560K 560K 390 {390 560K

£3-0 @

COMMAND TO CODER

62,5 CPS

COUNT OUTPUT
TO MY QUTPUT
BOARD NO. 1\

Figure 1-18.

Programmer Module No. 1
Schematic Diagram

’
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INPUT FROM INPUTS FROM b2.5:1 COUNTER
B:1 COUNTER ON MX . OUTPUT BOARD # I
Ie A — \
F20 “F4l F50 Fe0 FTO0 FB0O Fo-0
/
icl‘el ?CQZ CR3 ?cm ?cnzs %c% FCR7
-
»
cRe
RS
HOQK
PWR SOP COM@0)—
Y I%
YoV *I 15y
R®
. 2z
10ocps (o) (D—
FROKM ~
CONNECTOR
=7
(e}
-3V
R2}
2.7 wRIn
1CPS RESET @H—AN o
CYIA) FROM
CONNECTOR R22. >R23 SR24
562K 222K < 33K,
R2S %
1S)
+2V (4
soocPs i @)

10 CPS (:)———
{cvio}FROM

CONNECTOR

+iSv @—

TIME CODE
(MO) FROM
CONNECTOR

FCRD

eazy

R8O, 410K ,
VA g} AN/
CIO,320PF 11, 330PF

REF_DESIG NATION | PART NO.]
CRI - CR40O 106933

Qi2-Q14, Q20,Q2! [1024618
98597 ITAD |0 543
R3, R4, RTZ 106780
RI, R2 RA-R2 R23- R RIS-K39
R41,R42, Rad <RS2, 034 | 104115
CLC4 B CO-CIT 10
[c2.c3¢5Cis 100851

. {04606
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[Z>SELECT AT TEST COMPOMENTS FROM
THE FOLLOWING RANGE. OF VALUES?
R &2, 2lek TO 4iZkc
R34 L4l TBMEGO TO ISMEGO

—

NOTES

PARTIAL REF DESIGNATIONS ARE SHOWN:
FOR COMPLETE DESIGNATION PREFIX WITH:
UNIT NO. OR SUBASSY DESIGNATION.

NUMBERS IN CIRCLES INDICATE ASSY PIN NO .

UNLESS OTHERWISE SPECIFIED:
RESISTANCE VALUES iN OHMS,25%,
CAPACITANCE IN MICROFARADS '£10%,
TRANSISTORS 2N22

DIODES IN%I6

W
oov

1CPS RESET
@) TO &:1 COONTER

@ 1CPS

RESET PULSE

TO 62.5 :1 COUNTER

ON MX OUTPUT BOARD * 1

67 TEST POINT
R26
47K
Yic CPS MONITOR OUTPUT
TO CONNECTOR
ycrie| 2R30
SEOK
T %‘éo PF
R36 T
- 100K
ce 3
0.5 t5%  cr2w ) Fi3-1
B
;%E Qo
R40 S R4 =42 e
SAT > SAT 18K
EI * (B> CR2T ¥R CR2>
R4®
2¢® Lo RS2, K.
R332k @E
RS54, K
+—@3) VIG CPS QUTPUTS
o AN TO CONNECTOR
o s RS 1K @
5K ot — M@
&
O
@27 o gooE
@)'4"[ DRITAL MULTIPLEXER
. OUTPUT BOARD #Z
@ 8
c18
+ .8
—_ 1SV
FCRDD CR34A Y YCR35 (R3LY AAA 80 - ov
» —VV -
0%, R824704) R®3,470K »84,470K RBS4T0K |  R8,4TOK WD by niias 2o
~ A —e—] ANV e—;—) e ]
] CI12,390PF [C13, 300 0F Ci4, 3200 Cis 33000 Clo. Z20PF CIT,220PF
DE06IC3

Figure 1-19. Programmer Module No. 2,
Schematic Diagram
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REF_DESIGNATION | PART NO. REF DESIGNATION PART__NO. REF_DESI
CRI-CR7,CRIT-CR29 | 106933 €2-C5,C1,C9 100851 RI — R 87
CR3i— CR33
Q-05, 09,034, [0, 0 RO8

croons ot ER me
|CR30 Q6-08,Q10-Q15, Q20—
C6,c7,C8 04238 Q27,029-30,032035,738] 08943
Ql6- QI19, Q28,Q3t 106941 RTE (10328
<34 106299 36,037, C=23 102618 INPUTS F

SHIFT —

@ REGISTER '8
STROBE

DIGITAL
DETECTION
PULSE FROM
MX.. OUTPUT
BOARD # |

psc @)

-6V @\/\N
R32
22 1 c2
T" 33 UF
15V
ANALO@@‘JL
DETECTION
PULSE FROM
IMX OUTPUT
BOARD #1
+ev @ —
2604 SEC
PULSE
@
200« SEC!
PULSE |
. |
CRIt
IN3600
CRIS R44
oy @ IN3600 o 100
R o
FROM CRIS
FROM o IN3600
ce 1cr
= 390 T 390
|
i
R61
68K
R68 R69 R70 R7
10K 27K 10K 27k |
R75 R76
1237:“ < R3I arr 33K CR32 33K
Q3 X Q37
2
CR23 Q34
2N2412 35 2412 a
20 F
RO ———AA—]
CODER R8O Q33 R8I K CR26,
27k |2N2ai2 27k ¥CR24
AN -
R84 R85 '
20 QUTPUT L@)2' outryT
47k
TO CONNCCTOR 27K To CONNEC
2 frROM  (©) 2% F
CODER coo

/-2/7



GNATION

PART NO.

" RIO,R91, R 92

104 h5

lode0e

104602

ROM il COUMTER. OM MX OUTPLT BOARD uO.L

—_ A

NCTES:
[

PARTIAL REF DESIGNATIONS ARE SHOWN :

FOR COMPLETE DESIGNATION , PREFIX
WITH UNIT NO.OR SUBASSY DESIGNATION.

2. NUMBER IN CIRCLE

UNLESS OTHERWISE SPECIFIED:

DIODES ARE IN9IS

Fiz-1 @-i

FI3-1 @\l h

' R25
* 27K

Qs
2N2412

TRANSISTORS 2N2222

INDICATES ASSY PIN NO.

RESISTANCE VALUES IN OHMS ,* 5%, /BWATT
CAPACITANCE IN PICOFARADS *'10 %, 200 V

—‘ “I" QUTPUT TO "2'ouTPUT TO "4" QUTPUT TO "8"OUTPUT TD
) DIGITAL  MX DIGITAL MX DIGITAL  MX DIGITAL MX 3
-
~
CR7 1D QUTPUTS TO MX OUTPUT BOARD MNO. 2 =
COMMAND  TO <]l
T CRE 0o Toev
—GD Test ser *——AN—(@) TO TNE PWR
RELAY VIA COMMECTOR
R0
4K
- ) +6v TO Mx
R37 Qe Q7
2.7k LN2907A 2N2907A Q8
LS 2N2907A
— mAAY
R38 R39 R40Q @+e oco
330 330 680
&+ 6 e
&) SWITCHED
-24.5V FROM
CR8 CONNECTOR
RS 2113600 TEMP DATA
i TO ANALOG
CRIO R89 MX VIA CONNECTOR
2 /N3600 00K RT1
- Al CRI4
26 0c Rz X ¥ 1N3600 1% 7) rasasnt
IN3600 ¥cr3 -—@-amsv PWR RETURN
IN3600
@) -26v
TOMK LT
Rag
Q28 680 s + crt
[eN29078 gsq
R5) FROM TME
Q27 12K Q29 18 K PWR RELAY
(FROM_PCM
CONNECTOR)
3.9k Q30
“
R67
27K
R72 R73
10 K 27K
a3l
< CR33 2N2907A
R79 AAA
27K a0 v
Q39 4
38 2nza LR 2N2412 6.8K o
R83
27k CR28,
R86 2
27k @) 2 outeut
TOR TO CONNECTOR
‘oM

Figure 1-20.

Programmer Module No. 3,
Schematic Diagram
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NOTES:

I PARTIAL REF DES ARE SHOWM ; FOR
OMPLETE DES, PREFIX WITH OGIT
NO. Or SUB-ASSY DES.

2. UNLESS OTHERWISE SPECIFIED,
RESISTAMCE VALUES ARE IM OHMS,
W t5% TOL., CAPACITAMCE VALUES
RE I} PICOFARNDS +\0% TOL, 200V

E> SeLecT AT TEST COMPONEHTS
RAMGE. OF VALWVES : -3
VALUES (N MEGO— 1,1.5, 2, 2.4,2.7,
3, 33,30, 394’;4‘{ S0 5(4,,61
t.8.7.5,8.2, 5.1, 10.
R32 ~10ATHRU 220
R2%- 106G 7180,18.2K. 20K, 22,1k, 24.3K ,2.7.4K,
1C4115,33K,39K,4 7K.& 2K 91K, 120K 150K, 270K,
R4,R3T~ 523 K, S%K 549(, 62K
5.0, B.90K., (.04 K, (. 1BV (0. BIL,
5.89K, (6, LB, L. BIK.
R2D - 49,9, 63,4, 20. 2,121,143,
162, 187, 205 “oums.
B 221,832,243 oums

R

4. NOMBERD K CIRCLES \UDICATE
ASSY PN W0,

. . @ ISV
RS 2RIO
31. 24 K R
1% 1K
cl
2] 4 )
) = /7‘! G)ce
j a3 @ QT
PP xRS
E : ; @) TP B &L
VT
SR22) ”20 }
= %\om(» 100
EXb 4
‘ ol
>
JL%R @2l —— 5
R%% £°9 ~®) Pec
L BOK. JLCQZ%_
R44J R4S aoT @ -1sv
348K 499K 047
*19% 2% . UF
Qis 4o
29
JJcrza
2318-’ a3y
B>
RSO
10K
D) @ Q
J KK, ™D

Figure 1-21. Coder Module No. 1, Schematic
Diagram
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NOTES:

L UNLESS OTHERW/SE SPECHID, RESIS TAMCE VRLUES
ARE N OHMS, 25% TOL, Y& WATT, CHPIC/ TANCE
VRLUES ARE W PROFARADS, t 10 %, 200 VoL TS,
LVODES #55 WH6 .

2. FRPTH REF DESIGNATIONS BRE SHOM, FOR
COMPLETE DES/SMATION FREFIX WITH UNIT NO,00
SUBHSSY ALS/GNATION (D.

3 MUIMIBERS W CIRCLES INOICITES RSSY AN AMUNIBERS.

> SELECT AT TEST COMPONENTS RANGE OF
VALUES R 3,R4,10.5K,11.3K,12.1K,I3. 7K.

—@) -5V

£33
18K

@3z
2NeS Tt

(—.
12,68 |2N325/,

@»6}’

L ced
— )
‘I ¥cro CRIOY.
120
2
12369, . YE] r27
Coced 12K L
- : . - —@) LL (RESET)
394 47K
: —@ e
a/6
R 2N 214 oz @ HH
QK 2N2/4
£34|
RUk cR2? 2K o .
6.8%
AN Q30
£63 £70 < ZNIN
22k % 27K 2

8
s
%4
2
LI9P.
P e

Figure 1-22. Coder Module No. 2, Schematic
Diagram
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PEF  DESIGNITION FART NO.
QI THRU 0D /O/9 36
CRI THRU 44, 46— 52 | /06933
R 45 706934
rRI THRU R77 109115
C/ THRU Cc40 04238
B/O THRU OZ5 /06543
PWR SUP Com (T)—
R/
39k cR3 ¥
al £3 o az
°2 Voxs 70 &
10K
i ) ¢ \
c2 c3 ceé
R zz 22 L 2,
Y ez 795
c/ L ;-'_2 N5
3
HH @ T T
v O
[] CRab
26/ |
- R72 |
ouTPUTS 22K |
TO MX 8L 1
ouTPUT 2 £25 L CRIE w2 £3
BOARD #2, CR49 24 CRIBY oK /08
2@ " —
Q/0 ar2
£26
276
cRs7 1 cr2/
L TRz
T 272 T
|
]
PESET LL(E3 1
CR50 —
28 1 o \
R76 - |
OUTPUTS 22K
TO mMX
ouTPUT R7S R49 RS3 rSS
BOARD #2 2K | o3 /08 KcR32 cR3fy 10K rok  Kcps
27 @— b
Q8 | eso RS/ Q/9 ezo | Fs
794 35k 35,
W\
| —
c30 37 ¢
cR33y 22 22 yeess ce37 Y z
52 f5q e,
c 58
27k L SZ7 /ng;: a7k 27 L O3

Vs 4



NOTES

4 UNLESS OTHERWISE SPECIFIED, RES/STANCE IALUES
ARE N OHMS, 25 % JOLERANCE, /& 777 CHAGIC/TANCE
VALUES ARE N FICOFARADS, 2/055 TOLERANCE., SO0 VTS

2. PARTIAL REF DESIGNATIONS 4L SKHOMN, FOR COM-
ARETE DESIGNITION FREFIX WITH UNIT NO. o€
SUERSSY DES/GHATION 3.

3 NONBERS N CIRCLES IND/ICATES ASSY PN NUMBEES.

TO 2’ oUTPUT TO
1ER PROGRAMMER
@
o7 V.14 p23
rox CRIZ Y 10K /2 K
—@9 2% outPUT TO
ce/s PROGRAMMER
Q7 / £/ £24
z'g e F3K
) Qd Q9
R /0 cr
20 ¥ | 22 2z YCR/4
27 yce/2
c9 | ce r27
/00:1- /oo‘-‘r -4/ 4
CR47 ~
id- () K
LRy CR38 2 P
22K I @2
35 #g37 #4/ K43 % o447 R74
R cRZO cRZZY /0K 106 Bcrz4 k26 X fok Ok hcezs CR30Y soK 22K
— P
@/2 Q4 Rgo  als Q6 o4 Rde Qi7
39K 39k EX S
> qaTesre
C/8 /s & cRZ3 ) czz czs | ] ceé cz7 | oug:‘ijnro
22 EY D Sl crZSYy 25 25 ycez7 k2 y PE] 22" ycR3 gy
A L1 AAAd b A - —AAA
W4 Ccot £3¢6 rRI8 X cz/ c2e L ge2 243 L eozs cza Ll pss
oo /o0 S7k e7xT roo vo T 27k 2« T 00 wo T 27&
R77]
22K
CRS)
e (a0 e
Lad N\
T @ »6
£59 ' RE5S P67 P69 #70 (OVA)
; 4 b OVERCODE 70
CR3BY /0K %/ok Kceq0 crez2 ¥ ok 331 enfé 3% ——® DIEsTas W )é' OUEPUT
- — OARD # |
{63 cC
4 £#57 @2/ @2z | ré2 R63 @23
’ 39 & 39K 39k @25,
chy2 Y 1
3 &35 3 L\ cres
Z ZZ2  wees cki1y 2z 22 Yoess @‘—‘ In7514
s A bl ' 24
P L 2k 27k L 9&307 oL e
o68
22K DEOEIT A

Figure 1-23. Coder Module No. 3, Schematic
Diagram
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NOTES:

. PARTIAL REF DESIGNATIONS ARE. SHOWN |,
FOR COMPLETE DESIGNATION PREFIX WITH
UNIT NO. OR SUBASSY DESIGNATION,

2. UNLESS OTHERWISE SPECIFIED RESISTANCE
VALUES ARE INORMS t 5% ,1/8W.
DIODES ARE INQ16,
CAP. ARE 3S0PF, |07, 200V

3 NOS. IN CIRCLES INDICATE ASSY PIN NO'S

ECRS 3
CI5 Co
R22
470K 470K 470K
y cR32 ¥ CR34
weuT '’ >
FROM MULT. @ by
OB w2 CR3S

> R27 R28
2 27K 27K

i FCRI3 FCRIG ¥CRIS KCRIG
a3 cu a5 Cie
—A— L ]
3 = R54 R55 ' R56
K 470K 470K 470K
¥ CR4O yCRAZ
—de uPUT 128"
FROM MULT. CR43
0.B.=2
R 3| g3z
27K 21K
@) 15 Us sTROBE
FROM PROG NO. |
REF__DESIGNATION _ |[PART No.
CRI THRU CR4& 106933
RI THRL R97 104115
C! THRU c22 104238
RG8 g%z al _THRU Q17.62),02¢,627] 102618
7 15K WA @1-2 9 [QETHRY GLO, ATZTHRU QL5428 29,3031 10694 3
Q25 v S5PLIT PHASE CODE
TO RECORD AMPS, -
A @1-1 3 IN TME 80X
8 Q22 RE8G O
3.3K
i
K
cRr24
56 R85
K
[ Q30 A —() SPLIT PHASE REAL TIME
R80 Cif:,,‘, TO TME BOX
27K i
—~(1) 500CPS *1.
TO PROGRAMMER
AA—
S84 2a-4 qQ
SPLIT PHASE CODE TO
RECORD AMPS 1IN TME BOX
22-2 @
D606208-9

rigure [-24. Output Register and Split-Phase
Converter, Schematic Diagram
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\REAL TIME
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‘C” cLOCK
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ERATURE
BV

NOTES:

[T> THIS MONITOR POINT MUST BE CONMECTED
INTO AN ANALOG CHAMNEL IF USED.

[Z> THESE MONITOR POINTS MUST BE
SOUUECTED INTO A DIGITAL CTHANNEL IF

SIGNAL
MONITOR

———— P TEMPERATURE [T
- CHANNEL NO.| PWR ON

F— 3 CHANNEL NO.2 PWR ON

————— P RECORDER NO.| RECORD

9 RECORDER NO.2 RECORD

I INPUT
CONTROL
COMMANDS
FRCM NIMBUS “C”
CLOCK
] SUMMING
AMPLIFIER
J NO. |
n i
5 +6V FROM PoM ik
% » +SV TO '"A' CLAMP
Y TO “B*CLAMP
» OUTPUT TO
TRANSMITTER
J e INPUT FROM
POWER SOURCE
3 -24.5v * 2%
2 A »-24.5V TO PCM NO.I
2| 3 g > -24.5V TO PCM NO.2
s ': d
o F
Sl 2| B 4 SUMMING
ol S AMPLIFIER
uw Y g
2 s ; 8 NO. 2
{2
e
COMBINING ¢
NETWORK psL023

Figure 1-25. TME Unit, Block Diagram
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There have been no significant failures during system level tests of the Nimbus Study system .
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LR

RELIABILITY CALCULATION FORM

R ragiamion PATE:
PROJECT NO. 1858 Nimbus Study
UNIT TITLE: Multiplexer Non-Redundant Circuits
S/N:
COMPONENT N *Ax10 | NA x10™ REMARKS

Prime Digital

MOS FET 14 .030 .420
Diode 16 .001 .016
Resistor, C.C. 30 .001 .030

Sub-Com Digital

MOS FET 56 .030 1.680

Diode 64 .001 .064

Resistor, C.C. 120 .001 © 120
Prime Analog .

MOS FET 8 .030 .240

Integrated Ckt. 8 .016 .128

Resistor, C.C,. 21 .001 021

Sub-Com Analog

MOS FET 128 .030 3.840
Integrated Ckt. 128 .016 2.048
Diode ' 72 .001 .072
Resistor, C.C. 264 .001 .264

* BASED ON TEMPERATURE AND STRESS

= MTBF (HOURS)

R_277 (REV 2-64)

Hi-1

8.943 = XA TOTAL (%/1000 HOURS)



i RELIABILITY CALCULATION FORM

. %j RADIATION DATE:
INCORRPORATED
' PROJECTNO. 1858 Nimbus Study
' UNIT TITLE: Multiplexer Redundant Circuits
' S/N:
-' COMPONENT N *Ax 1079 | NA x1073 REMARKS
Sequencers
MOS FET 46 .030 1.380
Integrated Ckt. 42 .016 .672
Resistor, C.C. 95 .001 .095
Drivers
Integrated Ckt. 18 016 .288
Resistor, C.C. 114 .001 .114

Bias and Clamp

Diode, Signal 3 .001 .003
Diode, Zener 6 .001 *  .006
Resistor, C.C. 13 .001 .013

Time Code, Sync, ID

Integrated Ckt. 2 .016 .032

Resistor, C.C. 2 .001 .002
Output

Custom Circuits 8 .040 .320

Diode, Signal 2 .001 .002

Diode, Zener 8 .001 .008

Capacitor, Ceramig 7 .001 .007

Resistor, C.C. 49 .001 .049

* BASED ON TEMPERATURE AND STRESS

2.991 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2.64) I”‘2



T - Gk &N B G e & e W

| - RELIABILITY CALCULATION FORM

| 3]
m RADIATION

INCORPORATED

DATE:

l PROJECT NO. 1858 Nimbus Study
UNIT TITLE: Programmer Module No. 1
' S/N: Schematic 606202 - Revision-None
COMPONENT N *\ X ]0‘5 NA x ]0‘5 REMARKS
Transistor 32 .002 .064
Diode 58 .001 .058
Capacitor
Ceramic 11 001 011
Tantalum 2 .020 .040 40 % Stress
Glass 4 ,001 .004
Resistor
Carbon Comp. 79 .001 .079
Metal Film 10 .022 . .220
l * BASED ON TEMPERATURE AND STRESS
. 0.476 = A TOTAL (%/1000 HOURS)
- = MTBF (HOURS)
. RL277 (REV 2-64) |||_3




- 3 K
-l - S Gy ) a0 0 Oy O N e an =

RELIABILITY CALCULATION FORM

@/ﬁ\i .
Q" RADIATIgQ’ DATE:
PROJECTNO. 1858 Nimbus Study
UNIT TITLE: Programmer Module No, 2
S/N: Schematic 606203 ~ Revision-None
COMPONENT N *Ax100 [ NA X107 REMARKS
Transistor 31 .002 .062
Diode 40 .001 .040
Capacitor
Ceramic 12 .001 .012
Tantalum 2 .020 .040 40 % Stress
Tantalum 2 .037 .074 50 % Stress
Met. Plastic 2 .001 .002
Resistor
Carbon Comp. 87 .001 v .087
Métal Film 5 .022 .110
* BASED ON TEMPERATURE AND STRESS
0.427 = A TOTAL (%/1000 HOURS)

R_277 (REV 2-64)

i-4

MTBF (HOURS)



| RELIABILITY CALCULATION FORM

* BASED ON TEMPERATURE AND STRESS

0.439 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2-684) ' “I_,5

. WRADIATION DATE:
INCORPORATED
l PROJECTNO. _ 1858 Nimbus Study
! UNIT TITLE: Programmer Module No,., 3
S/N: Schematic 606204 - Revision-None
' COMPONENT N *Ax100 | NA x 1073 REMARKS
|
Transistor 41 .002 .082
. Diode 33 - .001 .033
Capacitor
. Glass 3 .001 .003
' Tantalum 1 016 .016 35 % Stress
| Tantalum 2 .020 .040 40 % Stress
‘l Tantalum 1 037 .037 50 § Stress
Tantalum 1 .043 . .043 52 $ Stress
' Tantalum 1 .052 * .052 55 % Stress
' Resist';or
Carbon Comp. 89 .001 .089
. Metal Film 2 .022 .044
Thermistor 1 .030 -—-
|
|
|
!
|
|



RELIABILITY CALCULATION FORM

W RADIATION DATE:
INCORPORATED
PROJECT NO. __ 1858 Nimbus Study
UNIT TITLE: Coder Module No, 1
S/N: Schematic 606205 - Revision A
COMPONENT N *Ax1070 | NAx107 REMARKS
Transistor 20 .002 .040
MOS FET 1 .030 .030
Diode
Signal 19 .001 .019
Zener 6 .001 .006
Capacitor
Mylar 2 .001 .002
Ceramic 5 .001 ~.005
Ceramic 1 .001 s .001 20 % Stress
Tantalum 1 .010 .010 25 % Stress
Tantalum 1 .025 .025 43 % Stress
Tantalum 1 .180 .180 75 % Stress
Resistor
Carbon Comp, 26 .001 .026
Carbon Comp. 1 .001 .001 14 % Stress
Metal Film 22 .022 .484

* BASED ON TEMPERATURE AND STRESS

= MTBF (HOURS)

R_277 (REV 2.64) '“‘6

0.829 =A TOTAL (%/1000 HOURS)



| RELIABILITY CALCULATION FORM
' J 1rADIATION DATE:
Ml ncomPOoRATED
' PROJECT NO. 1858 Nimbus Study
UNIT TITLE: Coder Module No, 2
' S/N: Schematic 606206 - Revision-None
. COMPONENT N *Ax1070 | NA x 1073 REMARKS
' Transistor 41 .002 .082
. Diode
Signal 26 .001 .026
' Zener 2 .001 .002
Capacitor
Glass 2 .001 .002
Ceramic 12 .001 012
Tantalum 1 008 | .008 | 17 % stress
Tantalum 1 .020 + .020 40 % Stress
Resistor
Carbon Comp. 86 .001 .086
Metal Film 5 .022 .110

* BASED ON TEMPERATURE AND STRESS

0.348 =X TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2-.864) “|_7




RELIABILITY CALCULATION FORM

L _m_"“‘*“" RADIATION PATE:

M/ NCORPORATED

PROJECTNO. 1858 Nimbus Study

UNIT TITLE: Coder Module No, 3
S/N: Schematic 606207 - Revision-None
COMPONENT N *Ax 1075 | NA x 1070 REMARKS
Transistor 25 .002 .050
Diode
Signal 44 .001 .044
Zener 1 001 .001
Capacitor
Ceramic 40 001 .040
Resistor
Carbon Comp. 70 001 " .070

* BASED ON TEMPERATURE AND STRESS

0.205 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2-64) “|‘8




i * RELIABILITY CALCULATION FORM

‘ @ RADIATION DATE:
INCORPORATED
l PROJECT NO. 1858 Nimbus Study
' UNIT TITLE: Output Shift Register and Split Phase Converter
S/N: Schematic 606208 - Revision-None
. COMPONENT N *Ax102 | NA x 1079 REMARKS
Transistor 31 .002 .062
Diode 45 .001 .045
Capacitor
Ceramic 22 .001 .022
Resistor
Carbon Comp. 97 .001 .097

* BASED ON TEMPERATURE AND STRESS

0.226 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2.04)

-9



RELIABILITY CALCULATION FORM

PO

RADIATION DATE:

Ml /'nNnCcORPORATED

PROJECTNO. 1858 Nimbus Study

UNIT TITLE: Power Supply
S/N: Schematic 515601 - Revision-None
COMPONENT N *ax10 | NA x 107 REMARKS
Transistor 4 .002 : .008
Transistor 1 .0027 .0027 21 % Stress
Diode 18 .001 .018
Diode 1 .0012 .0012 15 % Stress
Diode 1 -— -— Monitor Point Isolatiop
Capacitor
Tantalum 1 .012 .012 28 % Stress
Tantalum 3 .020 - .060 40 % Stress
Tantalum 3 .028 . .084 45 % Stress
Tantalum 2 .052 .104 55 % Stress
Resistor
Carbon Comp. 6 .001 .006
Carbon Comp. 2 .001 .002 19 % Stress
Carbon Comp. 1 - —— Monitor Point Isolation
Metal Film 4 .022 .088
Transformer 1 .070 .070
Inductor 2 .050 .100

* BASED ON TEMPERATURE AND STRESS

0.5559 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2-84)

I-10




RELIABILITY CALCULATION FORM

@" RADIATION DATE:
INCORPORATED
PROJECT NO. 1858 Nimbus Study
UNIT TITLE: Record and Playback Amplifier
S/N: Schematic 515612 - Revision A
COMPONENT N *Ax10 | NA x10°3 REMARKS
Transistor 11 .002 .022
Diode 4 .001 .004
Capacitor
Ceramic 2 .001 .002
Tantalum 1 .008 .008 17 % Stress
Tantalum 1 .020 .020 40 % Stress
Tantalum 3 .037 111 50 $ Stress
Resistor |
Carbon Comp. 32 .001 + ,032
Metal Film 9 .022 .198
Variable WW 1 .133 .133
Inductor 1 .050 ,050

* BASED ON TEMPERATURE AND STRESS

=  MTBF (HOURS)

R_277 (REV 2.64) “I"] 'I

0.580 =A TOTAL (%/1000 HOURS)



RELIABILITY CALCULATION FORM

W RADIATION DATE:
INCORPORATED
PROJECT NO. _ 1858 Nimbus Study
UNIT TITLE: Summing Amplifier
S/N: Schematic 515613 - Revision A
COMPONENT N *Ax100 | NAx10° REMARKS
Transistor 4 .002 .008
Diode 2 001 .002
Capacitor
Ceramic 1 .001 .001
Tantalum 1 .006 .006
Tantalum 1 .037 .037 50 % Stress
Resistor
Carbon Comp. 7 .001 ~.007
Metal Film 1 .022 « .022

* BASED ON TEMPERATURE AND STRESS

0.083 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 (REV 2-64) ‘ “l-]2




RELIABILITY CALCULATION FORM

E/ﬂh’
Lo raciarion AT
PROJECT NO. 1858 Nimbus Study
UNIT TITLE: Monitor Module
S/N: Schematic 409228 - Revision A
COMPONENT N *Ax10° [ NA x 1073 REMARKS
Resistor
Carbon Comp. 8 .001 .008
Metal Film 2 022 .044
Thermistor 1 .030 .030

* BASED ON TEMPERATURE AND STRESS

0.082 = A TOTAL (%/1000 HOURS)

= MTBF (HOURS)

R_277 {(REV 2_.64) I“']3




| RELIABILITY CALCULATION FORM
. W RADIATION DATE:
INCORPORATED
' PROJECT NO. _ 1858 Nimbus Study
UNIT TITLE: Tape Recorder (Raymond Engineering Laboratory)
' S/N: Drawing 1631-5-1 - Revision Z and 1631-5-2 - Revision B
l COMPONENT N *Ax1072 | NAx103 REMARKS
. Transistor 14 .002 .028
' Diode 12 .001 .012
Capacitor
' Tantalum 12 .037 .444 50 % Stress Assumed
Resistor |
' Carbon Comp. 26 .001 .026
. Metal Film 7 .022 .154
Wirewound 4 .014 - .056
. Transformer 2 .070 . -140
Thermistor 2 .030 -—
. Transducer 1 —_—— —_———
' Momentum Motor 1 .175 175
Record/PB Motor 1 .175 .175
' Record/PB Head 1 .018 .018 FARADA Failure Rate
Erase Head 1 .018 .018 FARADA Failure Rate
. Switch 1 010 .010
!
l * BASED ON TEMPERATURE AND STRESS
** Information supplied by 1.256 = A TOTAL (%/1000 HOURS)

Irving J. Ross
NASA-Nimbus Project Office

= MTBF (HOURS)

. R_277 (REV 2_84) |”"]4
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NIMBUS PCM VIBRATION TESTS
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V-1 PURPOSE.

To evaluate the Nimbus "B" Pulse Code Modulator (PFCM) mechanical model when sub-,
jected to vibration environments required by the Nimbus qualification test specification.

IV-2 RESULTS.

The results of the vibration evaluation tests are illustrated by the attached x-y curves
produced by accelerometers in and on the package housing.

Iv-3 PROCEDURE.
ivV-3.1 FIXTURING.

The vibration fixture used for these evaluation tests was an open ended box made of
two inch magnesium plate. The end opposite the package had a cover made of one inch alum-
inum plate which was fastened to the box fixture with bolts. This cover was used in all axes
except the thrust or vertical axis. The total weight of the fixture and the adapter plate is 130
pounds .

IV-3.2 FIXTURE MOUNTING.

The fixture is mounted to a standard three inch thick magnesium adapter plate that is
attached to the shaker armature head. This plate serves as an armature stiffening member. See
figure 1V-1 for a sketch of the setup.

IV-3.3 PACKAGE DESCRIPTION.

The PCM consists of an exterior housing measuring 6.0" x8.0" x 6 .5" (figure IV-2), a group
of plates and columns used as stack loading structure, and an electronic stack consisting of both
modular and planar circuit boards . The loading structure is designed to exert a compressive load on
the card stack independent of the exterior housing. The loading structure and stack are completely
contained without the housing but effectively isolated from it through the use of silicone rubber .

IV-3.4 VIBRATION TESTS,

The vibration evaluation was as follows:

a. Sine vibration sweeps at various vibration levels up to a maximum of 7.1 Grms from
30 cps to 2 KCS were made. VMS recordings and X-Y records were made of the output voltages
of the module and the external accelerometers.

b. Random vibration was applied to the package in the rorm of a flat spectrum with a
bandwidth of 20 cps to 2 KCS at a Power Spectral Density of ©.2G /cps (approximately 20 Grms).
The random response of the module accelerometer aligned with :he axis of input vibration was
analyzed and plotted on an X-Y recorder.
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The evaluation was started in the longitudinal axis and proceeded as requested by
Product Design personnel:

Longitudinal Axis Sine

Flat Pack Board - Figure 1V-3

Module - Figure IV-4

Module Vertical Axis Crosstalk - Figure IV=5
Module Lateral Axis Crosstalk - Figure 1V-6
Module Vertical Axis Crosstalk - Figure V-7

Longitudinal Axis Random

Flat Pack Board Random Analysis ~ Figure V-8
Module Random Analysis - Figure V-9

Lateral Axis Sine

Flat Pack Board - Figure IV~10
Module - Figure V=11

Lateral Axis Random

Flat Pack Board Random Analysis - Figure IV-12
Module Random Analysis - Figure IV-13

Vertical or Thrust Axis Sine

Flat Pack Board - Figure 1V-14

Module - Figure IV-15

Flat Pack Board Lateral Crosstalk - Figure IV-16
Module Lateral Crosstalk - Figure 1V-17

Flat Pack Board Longitudinal Crosstalk - Figure IV-18

Vertical or Thrust Random

Flat Pack Board Random Analysis - Figure IV-19
Module Random Analysis - Figure 1V-20

V-4
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IV-4 TEST EQUIPMENT .

Calibration
Item Manufacturer | Model No. | Serial No. Due Date
Shaker Ling A246 12 NA
Power Amplifier Ling PP20/24C 85 NA
Console and Associated Ling R-1004-C 87 NA
Control and Monitoring
Equipment

The originals of the x~y curves and VMS oscillograms are on file in the Environmental
Laboratory .
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IV-1 PURPOSE.

To evaluate the Nimbus "B" telemetry electronics mechanical model when subjected to
vibration environments required by the Nimbus qualification test specification.

IV-2 RESULTS.

The results of the vibration evaluation tests are illustrated by the attached X-y curves pro-
duced by accelerometers in and on the package housing.

IV-3 PROCEDURE.

IV-3.1 FIXTURING.

The vibration fixture used for these evaluation tests was T-6134, This fixture is a hollow
cube , made of two inch aluminum plate. The open end of this cube has a cover made of one inch

magnesium that is fastened to the cube with-bolts. The total weight of the fixture and the adapter
plate is 105 pounds .

IV-3.2 FIXTURE MOUNTING.

The fixture is mounted to a standard three inch thick magnesium adapter plate that is
attached to the shaker armature head. This plate serves as an armature stiffening member. See
figure IV-21 for a sketch of the setup .

IV-3.3 PACKAGE DESCRIPTION.

The packaging is a modular system with the modules mounted on printed circuit cards .
These module-cards are then packaged in a housing that is designed to contain this module stack
under mechanical pressure. The housing size is 6" x 4" x 6.5" (see figure 1V-22).

a. Sine vibration sweeps at various vibration levels up to a maximum of 7.1 Grms from
30 cps to 2 KCS were made. VMS recordings and X-Y records were made of the output voltages
of the module and the external accelerometers.

b. Random vibration was applied to the package in the form of a flat spectrum with a
bandw idth of 20 cps to 2 KCS at a Power Spectral Density of 0.2 Gz/cps (approximately 20 Grms).
The random response of the module accelerometer aligned with the axis of input vibration was

analyzed and plotted on an X-Y recorder.

The originals of the X-Y curves and VMS oscillograms are on file in the Environmental
Laboratory .

The evaluation was started in the longitudinal axis and proceeded as follows:
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Longitudinal Axis Sine

Figures 1IV-23 and IV-24,

Lateral Axis Sine

Figures IV-25 and 1V-26 .

Vertical or Thrust Axis Sine

Figures IV-27 and IV-28.

Vertical Axis Random

Figure IV-29.

Longitudinal Axis Random

Figure IV-30.

The tests were discontinued at this point due to a "rattle" which developed in the
package. The package was disassembled for inspection. This inspection revealed that the cards
had worn in the areas of the loading feet. The cards were resized and epoxy shims were bonded
to the loading feet to compensate for the undersize condition of the cards. When the package
was reassembled, 1/4" strips of rubber were added between the card-stack and the housing top
and bottom covers. The testing was resumed starting in the lateral axis.

Lateral Axis
Figures IV=31 and IV-32.

Longitudinal Axis

Figures IV-33 through IV-35.
Vertical Axis
Figure IV-36.

The tests were discontinued at this point due to a "rattle" which again developed in the
package. The package was opened for an inspection and it was found that the corners of the cards
had pounded into the tooling holes of the cards creating large tolerances allowing the cards to
“rattle." This condition was repaired by adding fiber blocks on the cards to replace the worn
corners of the cards and the tests were continued .
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Vertical Axis

Figures 1V=37 through IV-39.

Longitudinal Axis

Figure IV-40.

(This figure indicates the frequency and "rattle" threshold of 3.2 Grms input.)

The tests were discontinued at this time because of the condition of the boards and
acceptable data had been accumulated in each axis .

IV-4 TEST EQUIPMENT,

Calibration
Item Manufacturer Model No. Serial No. Due Date
Shaker Ling A246 12 NA
Power Amplifier Ling PP20/24C 85 NA
Console and Associated Ling R-1004-C 87 NA
Control and Monitoring
Equipment
AV-42




R-460 VIBRATION TEST DATA 2/

PrOJECT /B & A INPUT AXIS
TEST ARTICLE Mot Zade !/ INPUT LEVELL? Z! Erae

RUN NO. /£ ACCEL. LOCATION

TEST DATE AZ-,A‘IL‘A_‘S'*_ ACCEL.SER.NO. 299 P
OPERATOR gl 2 € AR, ACCEL. SENSITIVE AXIS

100'_- FHE e T T S DR i
H ifE ] B
1113 g a r b i
HH i
50. i i : Fiitl
1
8 HIBN 1
siffiith
g i I
:
20. I
! ] ,
i !
1 j
. H i i

10. Ei : i _ i

rms

w
o
1

N
o

ACCELERATION G
1
=3
i
T
!

EEE==
]
t
?
===
t
e
FiET
P,
- ot
JREA. ¥
PR

— e by
T i
oy -

1.0 il il
‘ — } R B
Ui | T i R
0.20 ki” 3 L 111 f] i1} m_‘ 1=FH ::f‘r
i ARSI : i SRESaRaps ecectu il it HHHH
| lll i ! 1 1t i - H
T T j
0.10 [ [ I [ N | 1 1 T i

5 10 20 50 100 200 500 1000 2000
FREQUENCY CPS

Figure IV-37

IV-43



- s o o =W = g S S g0 O A s A G @»

‘R-466 VIBRATION TEST DATA 2/
"PrOJECT L/ BS 8 INPUT AXIS __Zi-zus'
TEST ARTICLE w INPUT LEVEL _L$au4_¢

RUN NO. £ 2 ACCEL. LOCATION WLLL_

TEST DATE Az#z;éé_ih ACCEL. SER.NO. 2. 8

OPERATOR _zels’ @ R ACCEL. SENSITIVE AXIS _-r/‘rzsé
100. =~ : : P TTTETE TR T TIEET g==s
3 EERRE § HiT A "'7" - ' £ FH
50.= I »
!III] -
i i
20. | i,
] H [T
o | Hin
i : |
! i
10.
. i[
E |
© 5.0 : il -
z B . +4
o 1 i,
- Y
= Y
O 2.0 1 asfanf—y
b i 1 30 e R e
< ““. “T"I" :4
F i e *‘ ' e
] 11450 S IR O
- L A
1.0 EEEE 1 ESNEIE Tl 1 1 T i ;
Hii i 4 T ; il R
. | f : i
0.50 : i'”‘ :
i ] I I I i
3 N
ikl P H
14 T o o Uy B S 1] 11
0.20— A N :
t -4;4-«N " - B H [ l -t -
(1 il Mt 1T 1] i 1 JUAREN
0.10 (T i [ B B R I | ] i P 0
5 10 20 50 100 200 500 1000 2000

FREQUENCY CPS

Figure IV-38

IV-44




2000

1000

11/’

500

=
- — a il S o — pony g e S — St l————— 4["«44’*, e ol
’l‘!‘l|dl"ﬂ’l{[’]{[&.”“\”’4‘m{’% %’”m’r«’l[. s Sl .. S — ””II‘I’[“”HHH»«:’“[T‘]‘HI"‘TJL
= = Lir.flLiTlél‘T!!lﬁl!.[!}l« P e St S Saane S
b JH”M”“H’. rr‘\?ﬂ:lu\l.(l.[‘t] 44444 IJIAHVH‘“““HTtm.”I‘
P oot S s e o S i St ST e e et e Fooe
P e S ———— :

— T

IS TA—)—USZZ
VEL .2 G*
ER. NO _3_!'4

- LOCATION

T DATA

. SENSITIVE AXIS_—T A9 e cf
R BEES

PUT A
TL
L
L
_,L
1
|
f#
I!
|

IN
INPU
ACC
ACC
ACC
F_
|
‘V‘PL,. i
AU _[ i
It [
! ‘l’ I.
M
/l
{
FREQUENCY cCps

Figure 1V-39
IV-45

200

w

VIBRATION TE

|
i
I
h
i)
i
l
[i]
i
Ml
i
J H | o 1~ - .
| Hj I[ﬁﬁl ; | ‘L‘h (1
RN [:;‘ i 1 { ;
100

50

D RS Sy

TEST DATE_Az_,‘[;zz.,/ a5
!
|
i
.
|
JJ

OPERATOR
T
|

TEST ARTICLE

RUN No. 20O

PrROJECT /O SR

" | i
i
d .
. -

o
d

10.0—
5.0
9
1.0
50—
0_

N

o o
$Sd3/z9  ALISN3Q IVYLD3dS ¥3IMO

0.05
0.02




2000

RN SRR E
.~
!

W,

|

1000

{

|

|

|

|
500

‘!‘“
i
I

i

|
|
|
|
l
!
|

4

200

Los L

Figure IV-40
IV-46

ACCEL. SENSITIVE AXI$S L OA/ G 4
{
I
1t

ACCEL. LOCATION
ACCEL. SER. NO. _ 4[|

INPUT LEVEL
|
100
FREQUENCY CPS

t14-4

VIBRATION TEST DATA
INPUT AXIS

&):'P&—

SRR

PROJECT /5553

TEST ARTICLE
RUN NO. _21
i R
I
|
I
Il
|
10

TEST DATE
OPERATOR

‘R-466

= o
w o~
swy

9 NOILY¥313D0V

100.
50
20.
10
1.0

0.50

0.20

0.10




=
.

|

APPENDIX V

ENCODING ACCURACY



APPENDIX V

ENCODING ACCURACY

TABLE OF CONTENTS

Paragraph Title

V-1 General ... ...
V-2 Coder Quantizing Error. . . v v oo vt it e e e e
V-3 Linearity . . . ot e
V-4 Input Transducer Source Impedance Versus

PCM Unit Input Impedance . . .. ... vv i i i,
V-5 Feedback Current .. ...... .. ... ... ... .. .. .........
V-6 Aperture Time. . o ottt it e
V-7 Capacity Charge Transfer . ... ... oo e s in i
V-8 Input Noise . ... .o i

=)

Q
«Q

(]

§ ot
e m—d —

'<<<<< << <L
bW —



V-1 GENERAL.

The encoding accuracy of the Nimbus B PCM unit (figure V~1) is primarily dependent on
the coder quantizing error, coder linearity, coder input impedance versus transducer source
impedance, and feedback leakage current from the multiplexer overvoltage clamp circuit .
Other factors that contribute to error but are deemed negligible for the PCM unit are aperture
time error and capacity charge transfer error. Noise error could become a large percentage of

the total error, but proper signal conditioning and wiring can reduce the total noise to a negli-
gible amount .

V-2 CODER QUANTIZING ERROR.

Coder quantizing error is * one-half of the least significant bit weight used. For a seven
bit coder with 128 total possible binary coded levels, each level represents 0.78 percent of full
scale. Thus, the total quantizing error for a 7-bit binary coder is #0.39 percent .

V-3 LINEARITY.

The encoding process occurs with a design limit of less than £0.5 percent nonlinearity,
with probable nonlinearity being less than 0.1 percent because of the ramp coder technique
used. The low end switching point can be measured at approximately -50 millivolts, the high
end switching point can be measured at approximately -6.375 volts, and a straight line can be
drawn between these two voltages. All other points should occur within 0.5 percent, or £32
millivolts, of this line. In all probability, the points will occur within 0.1 percent of this
line or 6.4 millivolts. This type of measurement should be made with 0-ohm source impedance
to reduce noise to a minimum in order to stabilize the output binary code switching points .
Linearity must be measured using the encoder switching points because they are approximately
2 millivolts wide, while the bit weight of a 7-bit coder is 50 millivolts . Thus, the switching
points can be in error £1 millivolt, while the normal output code can be in error £25 millivolts
with no switching taking place.

In summary, total encoding accuracy should be within +0.78 percent of full scale (x50
millivolts) for the 7-bit code with a maximum source impedance of 3.3K ohms. An increase in
source impedance degrades the accuracy due to increased noise and offset voltages. The 10-bit
coder resolution of 1024 levels gives an overall resolution of approximately 0.1 percent of full
scale. This is actually 6.256 millivolts per bit or £3.128 millivolts of overall resolution. Since
the noise is a minimum of approximately 3 millivolts, the overall maximum accuracy using the

10-bit coder is 0.1 percent. If greater noise is present, 8-bit or 9-bit accuracy should be
used .

V-4 INPUT TRANSDUCER SOURCE IMPEDANCE VERSUS PCM UNIT INPUT IMPEDANCE.

The input source impedance should be 3.3K ohms (maximum) for an error of +0.78 percent.
Higher input impedances up to 10K ohms can reduce this accuracy to *1 percent. Actual accu-
racy is determined by the voltage divider effect of source impedance and input impedance .

This input impedance is 1 megohm (minimum) and is greater than 10 megohms in most cases .



Aopin2oy Buipooul pun WOd @ SNqQWIN " [=-A ainbiy

19585 SWHO - 3ONYAIdWI 3D¥N0S ¥IDNASNV AL
5001 306 508 NOZ 09 506 0¥ 0E 302 301 0
_ “ T ! W ,
! : ! ‘
! w
H T
, = 1
- \T\_ gt O
-t T |
T - SNEE z
= o}
= g
5 R
m
=
o
pv ]
EEE v
" 379191193IN ¥V 3SION ANV 30¥¥3
YIISNVYL IOUVHD YOLIDVAYD ‘YOI IWIL NL¥Y 6
%1 °0F = 4O¥¥T ALRIVANIT ¥ ¢
%65 OF = 4O¥¥T ONIZIINVND €
WAWIXYW dWvOoudIw 1 = 39V4V3T &
. .
SWHO S00L OLSWHO 0= Z 1 *SIION
T
T
| :
H e
| | !
11 j ! RER i

V-2




ol am

However, in the case of 1 megohm (minimum), the 3.3K ohm source impedance becomes a
possible error of 0.33 percent, but this error drops to 0.33 percent if the higher value of 10
megohms is realized in every system. The possible error of 0.33 percent of full scale represents
a voltage error offset of 21 .12 millivolts, which is solely due to the source impedance-input
impedance voltage divider action. This offset drops to approximately 2.1 millivolts if the input
impedance can be maintained at 10 megohms (minimum).

If the input source impedance goes up to 10K ohms and the input impedance is as low as
1 megohm, a possible error offset of 1 percent results.

V-5 FEEDBACK CURRENT .

The feedback current from the PCM unit to the transducer is a leakage current and can
c.use a constant signal offset depending on the source impedance. For example, the specified
maximum feedback current during sample time is 1 microampere, which drops 3.3 millivolts
across the 3.3K ohm input source impedance. If the source impedance is increased to 10K ohms,
voltage offset increases to 10 millivolts .

, In the Nimbus B PCM, the majority of leakage current is fed back through channel gates
from the input channel gate overvoltage protection clamping circuit diodes. These diodes are
biased at approximately -20 volts and prevent any fault voltages in excess of -20.5 volts from
being applied to the multiplexer output sequencer gates. These diodes protect against multiple
gate failures or total failure if a channel gate faults up to =24 volts. (These circuits can protect
the input channel gate sequencers up to approximately -35 volts fault at the input.) The diodes
are necessary because: if an input channel gate shorts out due to an overvoltage, it will apply
the overvoltage to the output sequencer; if the output sequencer gate fails by shorting out, the
entire multiplexer is useless. Thus, diode clamps provide fail-safe redundancy during the
presence of input fault overvoltages.

The diodes leak a maximum of 100 nanoamperes with 0 volt input (maximum voltage across
the clamping diode) at +55°C. Thus, the offset maximum caused by these protection diodes is
0.33 millivolts as seen at the input terminal using 3.3K ohms source impedance. However,
because the MOSFET on resistance is approximately 2.2K ohms plus the fixed resistor of 1K ohm ,

the total offset presented to the coder is approximately (3.3K + 2.2K + 1K) x 0.1 microampere,
or 0.65 millivolts .

V-6 APERTURE TIME.

The aperture time of the coder while storing the input analog sample is 170 £30 micro-
seconds. The aperture time error occurs when the transducer voltage changes during the time
the coder is storing the sample. This dv/dt becomes a maximum at the highest input frequency
which is 0.2 cps (one fifth of the maximum sampling rate of 1 sps for prime channels). This
aperture time error in the Nimbus B PCM is negligible because the resulting maximum dv/dt of
a 0.2-cps sine wave during the 170-microsecond sampling time is less than 1 millivolt .

V-3




NOTE

If a noise spike occurs on the input sample
just before the 170 microsecond aperture
time is completed, the sample stored on the
ramp capacitor will be in error by the amount
of added noise .

V-7 CAPACITY CHARGE TRANSFER,

When any analog channel gate is turned on, the stray capacity (approximately 30 pico-
farads) inside the Nimbus B PCM multiplexer must be charged and stabilized before the coder
completes its 170-microsecond sample time, otherwise an error will result. The correct value
of the analog sample is reached only after the multiplexer capacity has been completely charged
from both the external capacity and input transducer. Before the sample occurs, the transducer
has already completely charged the PCM external stray capacity through the transducer source
impedance . When the sample occurs, the external stray capacity discharges into the multiplexer
stray capacity and then both the external and internal capacities must be stabilized through the
transducer source impedance before the sample time is completed. Because the PCM multiplexer
contains only 30 picofarads of stray capacity, this charge transfer time is approximately 30
microseconds for 10 R-C time constants with a source impedance of 100K ohms. Since 30 micro-

seconds is small compared to the 170-microsecond aperture time, the charge transfer error is
negligible .

V-8 INPUT NOISE.

Input noise can cause errors depending on the magnitude of the peak noise in the input
data sample. However, these errors can be averaged over a period of time if the noise remains
fairly constant . If this noise is purely random and occurs with large maximum~-to-minimum
ratios, some data points will have to be discarded as no correlation will exist between the sam-
ple and the noise. This noise will increase directly with an increase in transducer source imped-
ance, so that noise-free measurements require a O~ohm source impedance. Inversely, large
amounts of stray wiring capacity on a transducer will help filter out the noise peaks. With
special care and attention given to the transducer cabling problem, the noise can be reduced
to a negligible amount.
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Vi-1 GENERAL.

The accuracy of selected analog measurands can be increased to 8, 9, or 10 bits by exter-

nally connecting the desired three least significant bits of the coded value to an immediately
following digital channel .

The seven most significant bits from the 10-bit coder are automatically connected into the
output register to provide the standard Nimbus B 8-bit data word consisting of a word sync ZERO
bit plus seven data bits. The three least significant bits (20, 21 , and 22) are applied to failsafe
isolation buffer amplifiers in each programmer, thus connecting the three bits from each PCM
to the same three outputs. In this way the three bits are always supplied from the selected PCM
(PCM 1 or PCM 2). These three wires are applied to pins 1, 2, and 3 of both connector J1 and
connector J13. For 8-bit analog words (+0.4 percent resolufion%only the 22 bit is used; for 9-
bit analog words (0.2 percent resolution) both the 22 and the 2! bits are used; and for 10-bit
analog words (0.1 percent resolution) the 22, 21, and 20 bits are used. It does not matter which
digital channels in the following digital word are used for the three bits, as read-in is performed
in parallel for all seven digital bits. However, the BTE equipment is designed such that the first
three data bit positions must be used if the analog 10-bit word is to be displayed. The digital
channels in the digital word that are not used for the increased resolution bits remain available
for use as digital channels.

There are four possible combinations for increased analog word resolution:

a. Prime analog channel followed by a prime digital word .

b. Prime analog channel followed by a subcommutated digital word .

c. Subcommutated analog channel followed by a prime digital word .

d. Subcommutated analog channel followed by a subcommutated digital word .

These four combinations are described in the following paragraphs. The combination in ¢, above,

achieves the maximum number of increased resolution analog channels with the minimum number
of external jumper wires.

VI-2 PRIME ANALOG CHANNELS FOLLOWED BY PRIME DIGITAL CHANNELS .

There are five prime analog channels followed by prime digital channels as shown in fig-
vre VI-1. (Figure VI-1 is derived from the PCM output format tables .) These channels are 1A1,
1A8, 1A9, 1A20, and 1A21. Ten bits of resolution on any one of these channels requires that
three external jumper wires be connected from the drivers for bits 22, 21, and 20 to the digital
channel immediately following. Thus, if all five prime analog channels are connected for 10

bits of resolution, 15 external jumper wires are required. All five of these prime analog 10-bit
samples will occur at a 1-sps rate .

Vi-1
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Figure VI-1, Ten-Bit Analog Word Availability

Vi-2

SUBFRAME NUMBER
1 H 3 4 5 6 7 8 9 0 n 12 13 14 15 16
1716 A244
3
1716 D22
1A1 1A1 a1 a1 141 1A1 A1 1 1A 1a1 1Al 141 141 141 1A1 1A}
B
01 01 101 101 D1 1D 01 Dt D1 101 101 o1 e 101 0 D1
1716 A3 116426 | 1716 AS4 [1 16 AB2 {1716 AL0B [ 1716 A136 | 1716 A162 1715 A218 {1716 A246 |1716 A276 | 1 15 AJ02 1 16A330 | 1116 A355 |1/16A383 {115 AdlY
8
102 D2 102 102 D2 1D2 2 102 102 102 102 102 02 n2 102
1A2 142
10
1/16 01 146 D23
2 1/16 m28 | 1716 AS6 | 1,16 AB4 | 1/16 ALI0 [ 1/16 AI138 | 1/16 Al64 | 1/16 A190[1/15 A220 |1/16 A248 1/16 A304 {1/16 A332{ 1/16 A3S8 | 1/16 ABBS| 1/15 A41
103 103 103 103 103 103 103 03 103 103 103 03 D3 103
1A3 143
4
11602 116025
145
18
115027
116 A3
19
11603
147
22
115028
116 A2
23
116 Da
o
= 148 148 148 1A8 148 148 148 148 148 148 148 148 1a8 148 1A8 148
25
r:z
w 104 1D4 104 104 104 D8 D4 D4 104 104 104 104 1D4 104 104 D4
=
2 116 A63
27
< 1/15 D5
z 149 149 149 1A9 VA9 a9 TA9 1A% 1A A9 A9 A9 TA9 A9 TAY 189
- |2
z 105 105 105 105 105 105 D5 105 105 105 D5 ns 105 105 D5 105
= 116 A4
z i3
o V1606
-
= 1A11
o | 34
a 11607
a
« 1715 A359
o | 3
= 1716033
1413 113
38
111609 1716 D34
1716 A12 1:16440 [ 116468 1164124 | 17164152 | 116 A178 [ 1 164204 | 116A234 [1.16A262 (1164288 | 1 164316 11164342 1,76A399 (116 A427
40
106 106 106 106 106 106 D6 106 D6 D6 106 106 D6 106
1414
42
171601
1,16 A400
43
1/16 0%
1716 Al4 1716 Ad2 [ 1716470 [ 1/16A9% | 1,7164125 | 17164154 | 17164180 | 1/16A206 | 1/16 4236 (17164264 |1164290 [ 17164318 [ 17164344 | 11164371 1116 A429
44
07 107 107 107 107 107 107 107 07 07 D7 107 107 107 107
1A15
%
116 D12
116 A401
47
116C37
147 1417
50
116013 116 D38
1A19 1A19
54
171615 1116039
1420 1420 1420 1420 1420 1A20 1420 1420 1A20 1420 1420 1A20 1A20 1420 1420 1A20
57
108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108
1A21 1A21 1421 1421 1421 1421 1421 1821 1421 1421 1421 1A21 1421 1421 1421 1421
61
109 1D9 109 109 109 109 109 109 109 109 109 09 D9 109 109 109
NOTES: 1. THIS TABLE SHOWS ALL ANALOG CHANNELS THAT ARE FOLLOWED BY DIGITAL CHANNELS IN THE PCM FORMAT, ALONG WITH THER
WORD POSITIONS WITHIN THE MAJOR FRAME.
2. THERE ARE 5 PRIME ANALOG CHANNELS FOLLOWED BY PRIME DIGITAL CHANNELS,
3. THERE ARE 10 PRIME ANALOG CHANNELS FOLLOWED BY SUBC OMMUTATED DIGITAL CHANNELS.
4. THERE ARE 58 SUBCOMMUTATED ANALOG CHANNELS FOLLOWED 8Y PRIME DIGITAL CHANNELS,
5. THERE ARE 8 SUBCOMMUTATED ANALOG CHANNELS FOLLOWED BY SUBCOMMUTATED DIGITAL CHANNELS.
6. THERE 1S A MAXIMUM OF 8] ANALOG CHANNELS FOLLOWED BY DIGITAL CHANNELS THAT CAN BE USED FOR 8, 9 OR 10 BITS OF RESOLUTION.
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VI-3 PRIME ANALOG CHANNELS FOLLOWED BY SUBCOMMUTATED DIGITAL CHANNELS.

There are ten prime analog channels followed by subcommutated digital channels as shown
in figure VI-1. Five of these channels (1A5, 1A7, 1A11, 1A14, and 1A15) are each followed by
one subcommutated digital channel in each major frame. Each channel requires three external
wires for 10-bit capability, but only one analog sample out of 16 has 10 bits of resolution. The
other 15 analog samples have the normal seven bits of resolution. The remaining five analog
channels (1A2, 1A3, 1A13, 1A17, and 1A19) are each followed by two subcommutated digital
channels in each major frame. When connected with three external jumper wires for each digital
channel, two increased resolution samples and fourteen 7-bit samples are obtained in every major

frame. To connect all 10 channels for maximum capability would require 45 external jumper
wires.

Vi-4 SUBCOMMUTATED ANALOG CHANNELS FOLLOWED BY PRIME DIGITAL CHANNELS.

There are 58 subcommutated analog channels followed by prime digital channels as shown
in figure VI-1, word positions 8, 12, 40, and 44. The 58 subcommutated analog channels can
obtain increased resolution through use of only four digital words (1D2, 1D3, 1Dé, and 1D7).
This arrangement requires only 12 external jumper wires (3 per digital word) for 10 bits of reso-
lution. Thus, the addition of three external jumper wires will provide for 15 high resolution
subcommutated analog channels if digital words 1D2 or 1D7 are used, or 14 high resolution sub-
commutated analog channels if digital words 1D3 or 1D6 are used. For example, if three addi-
tional bits from pins 1, 2, and 3 of connector J1 were jumpered into 1D2 and the same 3 bits
from pins 1, 2, and 3 of connector J13 were jumpered into 1D7, these six added wires provide a
total of 30 subcommutated 10-bit analog words. This is the maximum 10-bit channels-to-external
cabling ratio that can be obtained.

VI-5 SUBCOMMUTATED ANALOG CHANNELS FOLLOWED BY SUBCOMMUTATED DIGITAL
CHANNELS .

There are eight subcommutated analog channels followed by eight subcommutated digital
channels as shown in figure VI-1. The subcommutated analog channels are 1/16 A31, 1/16 A32,
1/16 A63, 1/16 A4, 1/16 A244,1/16 A369, 1/16 A400, and 1/16 A401. For ten bits of reso-
lution on each one of these channels, three external jumper wires per channel are required.
Therefore, 24 external wires are required if all eight channels are to contain ten bits of resolution .
All eight channels will have a sampling rate of one sample every 16 seconds (1/16 sps) .

Vi-6 SUMMARY .

If it is desired that the sampling rates for 8-, 9-, or 10-bit channels be 1 sps, only two
of the five available prime analog channels are readily usable. These would be connected with
3 wires from pins 1, 2, and 3 of connector J1 to one digital word, and 3 wires from pins 1, 2,
and 3 of connector J13 to a second digital word. More 10-bit channels could be added, but the

complexity of the external cabling harness would be increased, and an additional special junc-
tion box would probably be required in the satellite .

VI-3




If only one channel must have a rate of 1 sps, then the three wires from J1 (or J13) will
provide this capability . The remaining three wires from the other connector can be used to ob-

tain one of the channels at 1/16 sps or up to 15 channels at 1/16 sps, depending upon the digital
words selected .

If the required sampling rate can be the subcommutated rate of 1/16 sps for all 10-bit
analog channels, a maximum of thirty 10-bit channels can be used with the addition of 3 jumper
wires from J1 and another 3 jumper wires from J13 (paragraph VI-4).

To obtain maximum capability utilizing all 81 available 10-bit channels, 96 external
jumper wires are required.
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APPENDIX Vi

MOSFET HANDLING



Vil-1. GENERAL.

This appendix contains a brief history of the MOSFET handling problem and includes
handling procedures used by Fairchild and Radiation to prevent MOSFET damage.

VilI-2. HANDLING PROBLEMS.

During a visit early in 1964, Fairchild advised Radiation that the biggest problem to be
expected in the use of MOSFET's would be the handling of the MOSFET, both at Fairchild and
at Radiation. At that time, Fairchild did not have a flatpack carrier designed to protect the
MOSFET and a design modification was initiated. Controlled humidity (< 70%) and the wearing
of nylon smocks tend to build up an electrostatic charge; thus, the conventional "white room"

aggravates the problem. Therefore, operators were instructed to wear grounding bracelets and
all test chassis were tied to a common ground.

The three most usual failure modes in a conventional MOSFET are: (1) increased leakage
current, gate to body, (2) increased leakage current, drain to body and/or source to body, and

(3) change in threshold voltage. These generally occur in the order listed if the device has an
"unprotected" gate.

The first evidence of a serious handling problem came with the delay in shipment of the
first production run. An excessive number of units failed due to blown gates (excessive potential
applied) and a team was dispatched to Fairchild to investigate the situation. Apparently, either
a flatpack carrier problem still existed or the devices were destroyed during burn-in.

The first devices received were shipped in plastic boxes lined with a foam filler. This
packaging was found to be undesirable from an electrostatic standpoint since all the material
was susceptible to charge build-up. Fairchild subsequently prepared (in July 1966) an internal
MOSFET handling procedure, adopted a new shipping container, and printed a warning sticker,
similar to Radiation form R-599, to be placed on MOSFET shipping containers. A major excerpt
from the Fairchild Mos Handling Procedure is shown on subsequent pages of this Appendix.

VII-3. RADIATION HANDLING PROCEDURES.

The MOSFET handling procedures employed at Radiation (Radiation drawing 110174) were

developed from experience over the period from early 1964 to mid 1966. Many of these procedures
are based on similar procedures developed by Fairchild's R&D facility.

The requirements outlined in Radiation specification 110174 consists of three basic
provisions:

(1) Special handling requirements during MOSFET testing, e.g., grounding of the
test chassis and operator.

(2)  Special packaging provisions that require the MOSFET leads to be shorted
together at all times.

Vii-1




(3)

Special marking requirements (tag) to be placed on shipping containers.
Radiation form R-599, shown below, was developed for this purpose.

Vii-2
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III OPERATOR PROCEDURE

Because MOS devices are extremely sensitive to electrical charges,
operators must be careful to observe the following preceutions, both
in riutine handlihg of the devices and in actual electrical testing.

A. Hendling MOS Devices

1. Ground bracelets will be worn by operatore during all processing

of the MOS devices.

2, Operatcrs will not handle MOS devices with plastic tweezers or
with finger cots. Metal tweezers may be used 1f the operator

wvears a ground bracelet,

B. Trensporting MOS Devices

~ 1, Cans

MOS cans may be transported only in metal carrier racks. The
plug holes in such racks must be small enough to ensure that
all leads are shorted to the circumference of the holes when
the devices are inserted.

2. Flat Packs

MOS flat packs may be transported only when the leads have been

shorted to a strip of tin foil,

(see Fig. 1):

The prccedure is ae follows

a., Lay a strip of tin foil of suitable length and width ¢n a

magretic holder,

b. Place the MOS flat packs in the center line of the tin foil
strip with the leads perpendicular to the length of the tin

foll,

¢. Fold the edges of the tin foll over the flat packs so that
all leads are shorted to the foil.

- CAUTION: Steps b and ¢ may be performed only while wearing
ground bracelets.

3. MOS jobs may be transported from one location to the next only
vhen accompanied by a Handling Precautions Card (Exhibit I).
This card will be attached to the controlling documents by the
Control Cage immediately after the documents have been issued

by the scheduling group.

C. Testing MOS Devices

l. Ground bracelets must be worn by operators throughout the entire
test procedure; vhen removing and replacing devices from and to
the metal carrier racks, and when inserting and pulling devices

frcm test sockets.

Vii-3
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2. Operators must be careful mot to insert MOS devices into a
socket that has power applied to 1it.

3. Decvices shall be Iinserted carefully fnto sockets to ensure
the best possible contact,

4. Operators shall not test devices on a Curve Tracer without
the direct supervision of a foreman,

¢

D. Storage of MOS Dcvices

When M0S devices are awaiting further proccssing, they shall be

stored in the transportation carriers described in paragraph B
and the carricrs grounded to metal shelves,

’
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1. -SCOPE

This drawing specifies special handling and shipping procedures for flatpacks and MOS-FET (metal
oxide silicon-field effect transistor) devices.

1.1 Implementation. The Quality Control Division shall be responsible for enforcing the
procedures established in this document. :

2.  REFERENCED DOCUMENTS
N/A
3. REQUIREMENTS

3.1 General. More than normal care should be exercised in the handling of flatpacks and
MOS-FET's because of the fragile nature of the devices.

3.2 Packaging.

3.2.1  Flatpack Packaging. Flatpacks shall ~be received at Radiation Incorpc;roted in
individual packages. In the event they are not:

Stop processing of shipment

Notify Quality Control and Reliability

Determine damage, if any

Determine disposition by Engineering Quality Control and Reliability
(a) Return to manufacturer

(b) Obtain proper packaging

HWN —

The units shall remain in their individual packages until removed from the stock room for assembly
purposes. The packages shall be of such quality to prevent damage to the device leads.

3.2.2 MOS-FET Packaging. The devices shall be individually packaged with all
device leads shorted together. The units shall not be removed from this package except by the approved
handling procedures called out herein for purposes of testing. After any required testing is complete, the
device shall be repackaged and stored until required by assembly . .

3.2.3  Manufacturer Packaging. Each device shall be packaged in such a manner to
facilitate easy removal of individual devices. This is best accomplished by placing each device in
individual packages which may be packed together in a larger container.

3.3 Handling.

3.3.1  Flatpack Handling. Where a* all possible flatpacks shall be handled without
removal from the individual packages. When removal is necessary the device shall be removed only
by persons wearing finger cots, or equivalent. In no case shall a flatpack be placed in a bare hand.

Care should be exercised to avsid bending of the device leads; the best method being to handle flatpacks
with tweezers only.
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A 3.3.2 MOS-FET Handling. Where at all possible the devices shall be handled without
removal from the individual packages. When removal from the packages is necessary the procedures tu
specified in Paragraph 3.3.2.1 shall be follqwed.

3.3.2.1 Removal from the Individual Packages. Before the MOS-FET is

removed from its individual container the following steps shall be taken.

1. The unit shall be removed from its container only on a conducting
bench top: In the event testing is to be performed, a common
‘scheme shall be established.

2. All workers must have ground straps from the bench top attached
to their wrists.,

3. All workers must wear finger cots, or equivalent.

4. Surfaces of hands and probing tools must be discharged to the
bench top prior to touching the devices.

3.3.3  Manufacturer Handling. The manufacturer shall exercise all handling procedures
called out in this document or approved equivalent as minimum handling requirements.

3.4 Lead Straightening. In the event the leads inadvertantly become bent they may be
straightened by use of tweezers or fingers (properly cotted) provided the bend is a gentle bend having no
crimping. In the event the lead is sharply bent or crimped or bent in two or more opposing directions,
the device shall be forwarded to the Reliability Section for evaluation.

3.5 Purchasing. The responsible Radiation Incorporated buyer shall attach Radiation Form
Number R-599 to all copies of the Purchase Order, and provide the manufacturer with an adequate
number to be attached to the outside of the device shipping containers.

3.6 Improper Shipping Notice. In the event that an MOS shipment is received without the ’
required marking (reference Para 3.9) and/or packaging, Receiving shall notify Purchasing, the
appropriate project, Quality Control, and the Reliability Components Engineer.

3.7 MOS Storing. The devices shall be stored (in the individual packages with all leads
shorted together), by normal stockroom procedures. However, precautions shall be taken to assure the
devices are stored in an area absent of any strong magnetic or electric fields, such as those found around
electric motors and immediately surrounding fluorescent lights.

R

»

3.8 MOS-FET Leads. Each MOS-FET shall have all leads shorted together.

.3.9  MOS-FET Shipping Instructions. Each shipment of MOS-FET's shall be marked plainly
and visibly on at least two opposing sides of the shipping container "MOS~FET - SPECIAL HANDLING
REQUIRED". Special Radiation Form Number R-599 for this purpose may be obtained from the
Purchasing Department, Radiation Incorporated.
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APPENDIX VIii

GLOSSARY OF TERMS



TERM
A

A/D Converter

Accuracy

Analog Gate

Aperture Time

BTE

Beacon

Binary Code

Bit

Bit Rate

Block Redundant

CC

Clock (Nimbus C Clock)

Clock Command

Coder
CYIA
Cyio
CY500

D

DEFINITION
Analog measurand
Converts analog measurements to equivalent digital words .

Accuracy of final encoded data compared to original
analog transducer input is £0.7%.

A transistor switch through which an analog measurand is
applied to the A/D converter.

The time a given measurand is applied to the A/D converter
(170 £30 ps) .

Bench Test Equipment

Transmitted 10-kc time code or transmitted 10~kc time code
plus PCM real-time data .

A combination of bits, each of which can assume one of
two possible states .

One binary digit

500 cps in real-time; 15 ke in playback
Identical assemblies/circuits within the PCM .
Column command

Master timing device in the Nimbus B satellite.

Command to the PCM subsystem; originated by the clock
from ground command.

A/D converter

1 cps from clock
10 cps from clock
500 cps from clock

Digital measurand

VilI-1



TERM

DC-to~DC Converter

DG

DGP

Data

Data ZERO
Data ONE

Digital Gate

Energy Gap

Fail-Safe

Flat-Pack
Format

GPA

Ground Command

Integrated Circuit

LS8
Line Capacity

Linearity

MD

DEFINITION

Converts -24.5 vdc to all voltages required for PCM
operation .

Subcommutated digital channel

Prime digital channel

The final encoded output of all measurands .
Digital bit between +0.5 vdc and -1 vdc at input .
Digital bit between -5 vdc and -10 vdc at input .

A transistor switch through which a digital measurand is
applied.

Voltage magnitude required to break down a semiconductor
in the forward bias direction .

Built-in safeguard that reasonably ensures the recovery of
data through redundant techniques and ensures that chain
reaction as a result of any one failure is limited.

A device containing several integrated circuits.

The composition of the telemetered data.

General purpose amplifier

Command from the ground station causing the PCM subsystem
to execute a given function.

Diffused electronic circuit including transistors, diodes,
resistors and capacitors .

Least significant bit
Stray internal or external wiring capacitance to ground.

All PCM encoded levels must be within £0.5% of a straight
line from zero scale to full scale (-6.4 vdc).

Matrix driver
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TERM
MM10A
MO

Major Frame

MOSFET
NRZ

NRZ to Split-Phase Converter

Nimbus A

Nimbus B

Nimbus C

Noise Immunity

PAM
PCM
PSC
Prime
RC

Real Time

Resolution
SPS

Sample Time

DEFINITION
10-ke time code from clock; pulse width modulated.
Time code from clock

One complete sample of all data plus time code; 1000
words (16 subframes).

Metal oxide silicon field effect transistor.
Non-return-to-zero; a form of coding telemetry data.

Converts non-return~to~zero type binary code to split phase
Mark O type of code.

The first Nimbus weather satellite, launched 8-28-64.

The third Nimbus weather satellite; a redesigned version
of Nimbus A .

The second Nimbus weather satellite. Designed as back-
up for Nimbus A but since modified to include additional

experiments. Successfully launched 5-15-66 .

The ability of a device to resist the effects of electrical
noise .

Pulse amplitude modulation

Pulse code modulation. PCM telemetry unit.
Power supply common

Data channels sampled once per second.

Row command

Time in which reporting on events or recording of events is
simultaneous with the events.

Binary weight of least significant bit of the encoded word .
Samples per second

The time during which an analog gate or digital gate is
enabled and capable of accepting a data input.
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TERM

SAT

Sequencer

Split Phase
Strobe
Subcommutated
Subframe

Supercommutation

Sync Word

TME

Time Code
Transducer

Word
YA1

YBI

DEFINITION

Select at test.

A device used to make a series of events follow in a given
sequence. Used as a commutator and subcommutator.

A form of coding telemetry data .
A digital pulse used to enable a gate or trigger a flip~flop .
Data sampled every 16 seconds .

One complete sample of all prime data (62.5 words).
Data sampled more than once per second .

Fixed binary code used as recognition for start of every
major frame, subframe and word .

Telemetry electronics unit

Code generated by the clock and included with the dataq;
used as a time reference.

A device that responds to a physical stimulus and produces
an electrical signal equivalent .

Eight binary digits
100 cps from clock

100 cps from clock
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